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1. 1. AMaclwen, Phii).

University of California, lrvine
Toxic Hazards Rescarch Unit
Davton, Chio

ool NeConnell, LVONL
and
K. C. Back, Ph. D),

Acrospace Nadical Rescarch Laboratory
Weight-Patterson Air Forcee Base, Ohio

vdrazine (Naflg) is o highly ceactive veducing agent which is widely
usad as anintermoediate in orcanic svathesis and cither singly or in combina-
tion with other hwidrazines such as 1, =dimethyvihvdrazine or methvlihvdrazine
as a missile propellant, It is also usad extensively as a corrosjon inhibitor
in boiler feed water. Tivdrazine is a colorless liquid with a molecular weight
of 32,05, density of 1,008 g/mib and a vapor pressure of 1404 mm T at 25 C,

[vidrazine is a strong convulsant at high doses but may cause central
nervous svstem Jepression at lower dosces, Irs toxicity and pharmacologic
cffeets are datailed in a comprehensive review by Clark ce al. (1965).  Ani-
mals mayv die acutely of convulsions, respiratory arrest, or cardiovasculer
collapse within a few hours of an acute exposure hy any route of administra-
tion, or may dic 2 1o 4 dav= Tater of liver and kidney toxicity (Weir ct al.,
[G64: Witk*n, 1U36).  [acobson ot al. (18933) reportad the 4-hour inhalation
[.Ce value as 252 ppm (330 m‘:,'me) far the mousce and 5370 ppm (750 nq:,:"nf’)
for the rat.

Housce (18964) exposad mankeys, rats and mice to a hydrazine concen-
tration of 1.0 ppm continuously for 90 days.  Though mortality was very high,
some animals survived the experiment. Nincety-six percent of the rats amnd
98,7 of the mice died during the exposure while monkeyvs provad to be the
Mose resistant «pecies with only a 2007, mortaliry.,

*Now affiliarced with the Nariopal Institete for Environmental Health Sciences,
Rescarch Priangle Park, North Carolina,
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Comstoch o ale (1SS D exposad dogs, i separate exporiment s, (o5
i T ppmae Pao dogs survived repeatad O-hour exposures 1o 5 ppm hvdra-
zinc ror eoanonths and 2 of b does Tived after 194 <is-hour CXPOSUTes Lo I
ppia the other two does dicd duving the thivd andd fifteonth weeks in acdebili-
tared condition,  Fhe dog that dicd during the Tifreenth week had e severe con-
viulsive scizure prior (o deaths Mrior todeath, borle dogs showad sicns of
anarenia aikd coneral faticue, Chanzing dict= and forcad feedings resultad in
the <urvival of the remining two dogs

e pre<ent Uhreshold imit Valoe (FTA) publishad by the American
Conference of Covernmental Industrial Hegienists (1973) for No o i< D ppm oor
[L3my, m?

VA,N A) o compare the cffects of repeatsl-bHoarpor-day; 5 Tav Por woek—
{inlt

jﬁ’f}‘ strial tvpe) exposures with continuous exposurces of cquivalent coneentra-

TonYand to evaluate the safety factor of the current TLY, four concentration
levels were selectad for the 20-week exposure of four animal species. The
concentrations schectad werdd™ 1.0 ppm oand 0.2 ppm for continuous CxXposures
and 3.0 ppmoand 10O ppm for intermittent daily exposures ]y These concentra-
tion= woukl result in the followine C77 (concentration x timgh values:

O ppmy continuous ¢ l(\\/m}m-lmu rs per week
5.0 ppiintermittent - 130 pp-hours per week
F.O ppointermiteenn - 30 ppm-hours per weck

2 |w|1|1),,,.,znﬁ’t"imuxll> 33, 6 opm-hours per week.

Thus, the 1.0 |)]>|TT nntmuuna and the 3000 ppmointermittent studies would he
relatively ;,qm\ tlent dosces and the 1.0 ppmintermittent and 0.2 ppm continu-
ous woykt al<o he comparable,

E_-‘nur exposed aroups ard a control group were usesd in these experimonts,
lach consistad initiallyv of 8 male beagle dogs, 4 female rhcsus monkevs, 50
male Spraguc-Dawley rats and 40 female ClI7=1T mice. The animals were moni-
torad throughout the 6 months of exposure with biological mcasurements made
at biweckly intervals. These measurements consisted of henmoatology and clini-
cal chemisery values, bodv weights, physical examinations, and on sclected
animals bone marrow examinations were conducted, Ny The details of the experi-
mentad mothodaoiogy and lindings were pro: aun and Kinkead (1673)
with the excoption of the #¢S0Ts in ~rmup\ of rats amnd mice held for long-term
POSteXposure n])\“cr\"ning:c:E-‘:lll rats and 1O mice from cach exper nnuu.ll il
control group were sct aside at the end of the 6-month exposurce period and

maintained inan animal holld ng uxnn%on//m-? Airrre g Kﬂ'f/vﬂwt ALl 1’%"‘J

J
(L(.) The effeats < chronic inhalation of hvdrazine are dose related rogavd -
fess of the nature of cxposure, i.¢., intermittent or continuoaus.  The highest
hvidrazine dose caused approximately 40070 deaths in mice within the first two
months of exposure while the TEA dosce cquivalents caused approximately 357
mortaliry.
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Aheush mce werc ot weichoad, rars eahithited o dose related growth
rateslepression el des s evpeoscd 1o ivirazine showal weishie loss at the hieh-
o=t dose beve ts

] - : : : I
iwﬁ ViR The s kl"’llll\'.llll cnt nnniecable siens of stress occeneraed Bnthe casc

(ZL’L' S of the Joos exposad to b ppan l'llflx][l('ll~|\ ‘\ citht los< was very noticeable #-

oy F (bt rmecebert bbb e L | B s T ool ¢ ONSUINPLONG 3 W s shedotrstr

v roduced. Anoresia continacd with procressive emacinion untjl about 10 wecks
whon somye recaovery ovcurrad in the =urviving dog-, One dog in this group
experteneat teRic convul<icons on 3 separate ncc.l\inn.\;l mee after 3 months of
cxpo=ure, then onee in the munrning and «nce in the aftepnoon of the <ame day
arter A moenths of exposure,  These fin 1[]]'.1?4 Wer <istent with those re-

ported by Coms<tock ot al. (l‘iﬂ} S

s et

&(u,) In arime ll\ held postespesurye, weinht differcnces botween control and
CAaposure -"uu|1~ !nmnu lu.n.. by I(‘m weeks, e

\"'

(I—':‘l\ woere no abnormad findings in clinical chemistry and hematology
m-aesirement= nade onomonkevs and rats. Dogs, however, had o hvdrazine
Jose relared doepres<sion of rad blood coll counts, hemoelobin vatues, hemato-
crits, and there was Hitde o oo reticuloeyvtosi= before the fifth month of exoe.-
=urc at which tim e the doges continpeus v oxpased to | ppm NI had a sharp
Jdoepres-ion of RBC count Jt't‘(n]]]\ll]lul v raticuloevtesis, AL necropsy, this
croup of dogs was the only group of any =pecices 1o demonstrate ervthropoictic
activity a< measured by adecrcased myveloid crvihroid ratio in Lone m;.rrm\j

Thoere was noomeasurable cvidence of red bloond coll destruction in
these die < ovpo~ad to hvdrazine in contrast with readily demonarrated hemo-
Ivtie activity of m'»nnmqlh)‘lhy‘Jl‘;lliilv VINITD Vackwen and Haun, 1971),
Furthermore, the red blood cclls of daws exposed to Nally were narkally
more susceptible to asmatic fragiliny than vontrol animals while MM nrao-
duced a <ignificant increase in RBC fragilitv, We were unable to determine
the |1l’cci<c reason for the hvdrazine indoucal ancmia or to explain the de-
creased RBO fragitity Juring these experimoents but plan to explore this area
further.

(w)'rm» result= of 2ross and histopathologic examination of mice that Jdiad
during exposure showad thar death wae due to hvdrazine hepatoroxicity. At
sacrifice, mexderate to severe fatty liver change was a consistent finding in
mice from all exposure levels. NMonkey livers showed slight to maderare fat
accumulanon, [ Perlyps compromi<ing part of this information is the fact rhat
cemtrol men L-y’?’fl <0 showed some dazree of fatiy liver change, Malnutrition,
the result of nonspecific hvdrazine toxicity, caused the death of 2 dogs in the
I ppm continuous exposure, Al sacrifice, dogs exposad tothe TLY coneen-
tration showed no abrormalivices bur dogs from the high doses had fany Hvers,
Since one dogin the T ppm continuats exposure group convulsed during expo-
surc, the brains of this dog amd 3 others in the same group were perfusaed at
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sacrifice. Thstolesy rovealad no CONS Tosions. Pwodogs cach from the hivh
CONCYIL U o cAPerEnent= wo re sac rticed at Ooweeks postozposure. Al wore
doscribad as boing essentialiv noermal aniads,

Orvean weirhts of exposed rars, monkevs aind dogs were not staristically
Jirferent trom conirol values. o the case of the rats, the depressal growth
rates= resulied in increasad vircan oo bodvoweicht ratios 1o which no hiological
significance can be aitributed.

Moere were no significant pathologic changes in rats exceopt in the case
of the 53 ppmintermittent expo=ure croup. Of the 30 rats, 19 had chronic
bronchiopneumonia. Whether this condition was due to a hvdrazine pulmonary
irritation or pathozens present, or the former proedisposing the rats to the
latter, is Jdifficult to sav. The net offeet, however, was that 1O rats from this
wroup retainad postesposure showad nooweight recovery as demonstrated by the
other exposced groups, The infection spread to other rat groups housal in the
samue room and within 6-8 weeks following exposure termination, 50,7 of the
rat< were Jdeads The number of deaths was distributed rather evenly in the
oxposcd mroups and in the control= as well, Consequently, nonge of the rars
=urvivad long enoush Tor conclusions ta hoe drawn about the carcinogenic poten-
tial of inhaled hyvdrazine for this spesics,

Tumorigenesis hax, however, been demonstratad in rats following daily
oral administration of 12 or 18 mg hvdrazine sulfate dJoses over a 68 week
periad, Pulmonary adenocarcinomas, hepatic coll amd spindle cell carcinomas
were obscervad after 109 weceks (Severi and Biancifiori, 1968). They foumd no
lune or liver tumors in their untreatad control rats,

Approximately half the mice in cach group werce alive I vear postexpo-
surc. At necropsy, nen-neoplastic lesions were found in the ICR CE -1 micc
with approximately equal frequency in both experimental and control groups.
An occasional mouse had a mammary gland adenoma, but since these are notr-
mally found with an incidence of 5-107in mice, they were considerad to be
unrclared to the hvdrazine exposure, For similar reasons, a single small
papilloma found in one exposed mausce was not considerad significant.

Some of the mice expo=ad to the threshold Fimit value concentration of
hydrazine (8 ppm) had well differentiated alveolargenic caccinomas as shown
in Figure 1. Another of these tumors (Figure 2) shows invasion of the pleura
and extension into the plewral space. Inmice of the 5 ppmintermittent expo-
surce group, alveolargenic carcinomas were atlso seen. These tumors had a
greater frequencey of metastatic activity wits tumors found in liver and in the
ribs as shown in Figures 3 and 4. Many mice exposed to | ppm hyvidrazine on
a continuous hasis developad alveolargenic carcinomas,  One had a hepatoma
as shown in Figure 5. Fhere was one rather poorly civcumsceribed arca of
the Tiver in which the cells were large with variable sized nuclei, many of
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wWhich containdd o harec cosinephiliv intranucloar inclusion,  In rhis <ame ani-
nal o=t of the =plocen was repiaced By neopla-tic rissue (0 izure Oy, NMosr of
this tieste was very anaplastic o= <hown in ©igure 7, but ina fow arcas the
colbe rescmbled neoplastic hopatoeytese Two mice in this group developed
Bompho<arconya i the splova of ivnre SEwhichhwae extremely cellular with a
Joss of neroal architccture. Phe colls are uniformily immature ivmphocytes
with oumcrous< mitotic Tivure-.  There isinvasion ol ihe capsule with agreat
Joal of phacoevtosis by maerepliaeos. Thise in combination with the other mor-
pholoay, i diagno-tic of Ivimpliosarcoma and i< substantiatad by an adjacem
Ivmph node (Fivure ©) which <hows complote Joss of architecture due 1o these
vooplastic Tvmphoid coll<e Similar chianges were also scenin liver, Kidney,
Hune and the urinary: bladder.

I‘hi' tiinoae incidence~ <hown in Table T arve helicvald siznifican for two
reasons, st alveodareonic carcinom e arve found o higher, Jdosce relatad,
froquencics amons oxposcd mice than in controls, Sccond, Ivimpho=arcoma
and the uncommaon moadiernant epatoma are ab<ent from cantrols but oceur in

nuce exposed to phe hicher dose,

FABET T tUNTOICINCTIDENCE IN NTCT ONEF YEAR AR
CHRONIC INFINEATTON EXPOSURL TG HYDRAZINE
(G-NTONTT EXPOSUR]L PERIONY

Nuiber of

Alveolargenic Tovimpho- Mice with
Fxposinre _Carcinoma  sarcomer Tepatama Tumors
Hieh Dose
L.O ppm Continuou= 5 ¢ 2.4 1.4 6Y
5.0 ppin Inrermittent 5 0 6 0,6 560
L.ow Dosc
0.2 ppm Continuaus 3K 0,8 (.8 38
LoO ppm Intermittont”’ 2:0 06 06 2.6
Comtrol Group 1.5 .8 (). K (I

‘Cuarrvent Threeshold Timit Value €11\
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Alveolargenic carcinomas are “normally™ found in older mice with a
frequency of about 1 L and we have Tound this rate of tumors in this experi-
ment ax well as in other concurrent experiments in this laboratory using the
CEF-1 strain mice. In previous stadios, using clectron microscopy, these
tumors have been shown to contain Tyvpe O virus parricles, The virus par.i-
cleis thought to be the probable ctiologic azent for these spontancous alveolar
carcinomas,  Another significant finding is the metastatic extension of the
hepatoma to the spleen and mictastasis of alveolargenic carcinomas to heart
and rib cage, respectively, in two other hvidrazine exposad mice. Thesce
findings are consistent with the induction of Tung rumors inmice by hvdrazine
sulfate reported by Biancifiori et al. (1662a, 1662h, 1963a, 19063b, 1963c¢,
a0y, Biancifiori (1909 and 1970), Roce ¢t al. (1907), and Toth (1969, 1971,
1972). Hepatomas and hepatocarcinomas have also heen obscervad after oral
Josing of mice with hvdrazine sulfate by Biancifiori (1970a, 1970b, 1970c,
1971) and by Biancitiori ot al. (1964), The significance of the findings re-
ported is that this is the first demonstration of hvdrazine inducad tumors
from simulated industrial inhalation exposures at the TV conecentration in
mice, albeit in small numbers of animals, These findings should be expanded
in additional experiments exposing lavee numbers of animals of sceveral spe-
cies to hvihrazine by the inhalation route,
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